INTRODUCTION
Endemism, i.e., the restriction of a taxon to a geographic place (irrespective of taxonomic and geographic scale), is one of the central concepts in biogeography (Anderson, 1994) , which has been widely used to define floristic units (Rivas-Martínez et al., 1997) . Centers of endemism (CEs) are areas with a high number of narrowly distributed species (endemism hotspots: Crisp et al., 2001) . Ecologists are interested in those because of their importance in planning conservation priorities (Crosby, 1994; Ceballos et al., 1998; Myers et al., 2000; Linder, 2001; Jetz et al., 2004) , which is helpful when funds for conservation are limited (Margules and Pressey, 2000; Myers et al., 2000; Brooks et al., 2006) . On the other hand, areas of endemism (AEs) are fundamental entities of analyses in biogeography (Morrone, 2008) . They are defined as areas that are not only rich in endemics, but whose species have congruent distributions (Morrone and Crisci, 1995; Linder, 2001; Bradshaw et al., 2015) . Biogeographers and evolutionary biologists focus on explaining the causes for the occurrence of AEs (Nelson and Platnick, 1981; Major, 1988; Anderson, 1994) . Although both CEs and AEs are very important in conservation biology, they are little investigated even in well-known global biodiversity hotspots.
A total of 34 global biodiversity hotspots are currently established as conservation priorities at a global scale (Myers et al., 2000; Mittermeier et al., 2005) . These are characterized by an extraordinary richness of endemic species facing strong habitat loss (Myers et al., 2000) . However, these hotspots are too coarse for conservation management, and identification of "hotspots-within-hotspots" (Cañadas et al., 2014 ) is necessary for a comprehensive protection management (Harris et al., 2005; Murray-Smith et al., 2009; Cañadas et al., 2014) . As endemic species are well-suited to recognize biodiversity hotspots (Myers et al., 2000; Mittermeier et al., 2005; Orme et al., 2005; Possingham and Wilson, 2005) and because endemic richness of plants and vertebrates are correlated (Kier et al., 2009) , identifying CEs and AEs based on plant endemics is very useful to determine such "hotspots-within-hotpots" for regional conservation management.
Turkey harbors remarkable bioclimatic and geomorphological diversity and supports very different vegetation types (Parolly, 2004) . It is situated at the intersection of three biogeographical regions (Mediterranean, Euro-Siberian and Irano-Turanian regions; Davis, 1971; Takhtajan, 1986) . Although Turkey does not cover any of the regions with globally highest Endemism Richness (Kier et al., 2009) , it participates in three global biodiversity hotspots (Mediterranean, Caucasian and IranoAnatolian biodiversity hotspots; Mittermeier et al., 2005) , which cover more than 80% of the surface area of this country (Figure 1) . The flora comprises ca. 12,000 vascular plant taxa, of which about 32% are endemics (Güner et al., 2012) . Several studies have focused on patterns of endemism, chorology and distribution of vascular plants in Turkey (Davis, 1971; Runemark, 1971; Davis and Hedge, 1975; Ekim and Güner, 1986; Hedge, 1986; Davis et al., 1988; Mill, 1994; Ekim et al., 2000; Çolak and Rotherham, 2006; Güner et al., 2012; Sales and Hedge, 2013; Vanderplank et al., 2014; Eken et al., 2016) , but none of these has used formal quantitative approaches to identify CEs and AEs.
In this study, CEs and AEs of the Turkish flora are identified based on data from three families of vascular plants (Asteraceae, Lamiaceae, Boraginaceae). These are among the most species-rich plant families in Turkey and constitute a significant proportion of the endemic flora of Turkey (c. 30%). In order to identify CEs, three biodiversity indices, i.e., Endemic Richness (ER), Rangerestricted Endemic Richness (RER), and Weighted Endemic Richness (WER; referred to as Endemism Richness by Kier et al., 2009 ), were applied (Crisp et al., 2001; Linder, 2001) ; in order to identify AEs, Endemicity Analysis (Szumik et al., 2002) was used, which has been successfully applied in different parts of the world Mendoza-Fernández et al., 2015; Szumik and Goloboff, 2015; Elías and Aagesen, 2016; Hoffmeister and Ferrari, 2016; Zhang et al., 2016; Weirauch et al., 2017; Noroozi et al., 2018) . We address the following questions: (1) Where are the CEs and AEs in Turkey? (2) Are these exclusively inside global biodiversity hotspots? (3) Are these congruent with chorological patterns or hotspots identified in previous phytogeographical studies? (4) Is there a relation between topographical heterogeneity and endemic richness as suggested for other areas (Irl et al., 2015; Noroozi et al., 2018) ?
MATERIALS AND METHODS

Study Area
Turkey is a mountainous country in Southwest Asia (97% in Asia and 3% in Europe) covering c. 783,000 km 2 , with an average elevation of 1,130 m a.s.l. The elevation ranges from sea level up to 5,137 m a.s.l. in Mt. Ararat. According to their landform features, mountain ranges of Turkey can be geographically divided into Thrace, the Aegean zone, Taurus and Anti-Taurus ranges, the inner Anatolian Plateau, Pontic Mountains, and the Hakkari highlands (Zohary, 1973) . The Anatolian Plateau stretches from southwestern to eastern Turkey near the border to Iran, where it merges with the Zagros Mountains in the southeast and the Transcaucasus highland in the east (Figure 1) . The climate regime is very diverse ranging from temperate climate in the north, continental climate in the central parts, and Mediterranean climate in the south west (Akman and Ketenoǧlu, 1986) . Taurus and the Pontic Mountains in the south and north, respectively, shelter Central Anatolia from major precipitation, rendering this region very dry (Akman and Ketenoǧlu, 1986) . Due to the complex topography and climate, plant diversity is very high (Davis, 1971; Zohary, 1973; Akman and Ketenoǧlu, 1986) . Three major phytogeographical regions, i.e., the IranoTuranian, the Euro-Siberian and the Mediterranean, meet in Turkey. The Irano-Turanian region covers major parts of the Anatolian Plateau, bounded on the north by the Euro-Siberian region and in the west and southwest by the Mediterranean region (Figure 1 ; Davis, 1971) . 
Distributional Data
We selected Asteraceae, Lamiaceae, and Boraginaceae as our model groups as they are among the most species-rich families of Turkey (first, third, and eighth, respectively; Davis, 1965 Davis, -1985 and jointly are found in all environments and across all elevational zones. For Iran, inferences based on Asteraceae alone (Noroozi et al., 2018) and on the recently completed data set for the entire endemic flora (Noroozi et al., submitted) turned out to be largely congruent, emphasizing that a few large and diverse families can be used in cases where obtaining data on the entire flora is not possible. The data set comprises 1,102 endemic taxa (879 species, 146 subspecies, 77 varieties), 640 of which are from Asteraceae, 316 from Lamiaceae, and 146 from Boraginaceae (see Electronic Supplementary Material S1 in Supporting Information for detailed information); subendemic taxa (i.e., taxa to a minor extent also occurring outside the study region) were not considered. Distribution data were taken from the Flora of Turkey (Davis, 1965 (Davis, -1985 , supplemented by data on new species published after this flora (see Electronic Supplementary Material S1 for details). A total of 3,867 records were geo-referenced with a precision of at least 0.25 • .
Data Analyses
The size of grid cells to measure CEs and AEs was 1 • × 1 • ; smaller grid sizes were not used to decrease the effects of sampling artifacts, whereas larger grid cell sizes (ca. 2.5 • × 2.5 • ) as suggested by NDM based on point densities (program option "autogrid") were not used as they would result in environmentally overly heterogeneous grid cells. Three quantitative measures of CEs, i.e., Endemic Richness (ER), Range-restricted Endemic Richness (RER), and Weighted Endemic Richness (WER), were applied (Williams, 2000; Crisp et al., 2001; Linder, 2001 ). Endemic Richness is calculated as the number of endemics present in a grid cell. Taxa present in maximally 3 grid cells in size of 0.5 • × 0.5 • were categorized as narrowly distributed or range-restricted. These taxa were used to calculate RER. To make use of the full data set, but more strongly emphasize range-restricted taxa, species were inversely weighted (WER) by the range size (i.e., the score of each species is calculated as 1/number of grid cells the species occurs in), and the sum of the weights of the species of each cell gives the score of that cell (Williams, 2000) . Thus, areas with many range-restricted taxa should get a higher total score than areas with few range-restricted taxa. Ten percent of cells with the highest index values were used to define hotspots.
Endemicity Analysis (Szumik and Goloboff, 2004) as implemented in the program NDM/VNDM 3 (Goloboff, 2007) was used to identify AEs. An endemicity score was calculated as the sum of the endemicity scores of each supporting species for each recognized AE (Szumik and Goloboff, 2004) . The parameters used in the analysis were as follows: sets must have an endemicity score of at least 2 with at least 10 supporting taxa; temporarily saving sets within 0.99 of the current score; keeping overlapping subsets when 30% of the taxa were unique; 100 replicates. Consensus areas were constructed to reduce the level of redundancy in the inferred AEs (Aagesen et al., 2013) . Thus, the loose consensus rule was used (considered sufficiently detailed for large-scale studies: Aagesen et al., 2013) , i.e., areas were added when each area shares at least 25% of its defining taxa with at least one, but not necessarily all, of the other areas in the consensus. The list of taxa contributing to the scores of each identified AEs is provided in Electronic Supplementary Material S2. Relationships between ER or RER per raster-cell on one side to topographical complexity or elevational amplitude on the other side were tested using Generalized Linear Models (GLM) with a Poisson distributed response (species richness) and the canonical log link-function (function glm in R Core Team, 2015) . Topographic complexity was calculated as the ratio of 3D Area (= surface area; extracted from a digital elevation model with a resolution of 100 m, available at https://www.eea.europa.eu/data-and-maps/data/ copernicus-land-monitoring-service-eu-dem) to 2D Area as decribed by Irl et al. (2015) using the extension DEM Surface Tools for ArcGIS (Jenness, 2004 (Jenness, , 2013 in ArcGIS 10 (Esri, Redlands, CA, USA).
RESULTS
Of the 99 analyzed genera, Centaurea (Asteraceae) is the largest genus in the dataset with 156 taxa, followed by Hieracium (Asteraceae; 69 taxa), Onosma (Boraginaceae; 52 taxa), Salvia (Lamiaceae; 50 taxa), Anthemis (Asteraceae; 47 taxa), Stachys (Lamiaceae; 44 taxa), and Scorzonera (Asteraceae; 35 taxa). The range sizes of endemic taxa are between one and 22 cells. These endemics are unevenly distributed in Turkey. The endemic richness of cells ranges from 1 to 129, the value of the highest endemic richness overall corresponding to the western Taurus (Figure 2A) . A total of 798 taxa are known as range-restricted, i.e., are present in maximally three cells (size of 0.5
The results of three indices to find CEs are largely congruent (Figure 2) . Using a cut-off of 10%, a total of 14 grid cells belonging to CEs are identified as hotspots by at least one of the indices and seven cells are identified as hotspots supported by all three indices ( Figure 2D ). All identified CEs are within global biodiversity hotspots.
The Endemicity Analysis identified 68 sets (candidate AEs), which were grouped into four consensus areas with minimum and maximum scores of 6.49 and 25.76, respectively (Figure 3) . All identified AEs are within a global biodiversity hotspot. A comparison of herein identified CEs and AEs with centers of plant endemic diversity identified previously is shown in Figure 4 .
The West-Taurus AE contains 17 sets, comprises 17 grid cells, and covers mountains of south-western Turkey, which mainly belong to the Mediterranean region ( Figure 3A) . The endemicity scores of the area range from 6.97 to 25.76. The area is supported by 107 taxa contributing to the scores. Within this AE, four cells are identified as CEs; three of those are supported by all three indices and one is supported by two indices (Figure 2D) .
The Anatolian Diagonal AE contains 37 sets, comprises 27 grid cells and covers Taurus and mountains of Inner Anatolia ( Figure 3B) . The endemicity scores of the area range from 6.49 to 16.97. It is supported by 125 taxa contributing to the scores. A total of ten CEs are identified inside this AE, two of which are shared with the Western-Taurus AE (one cell supported by all indices and one cell by two indices), and three of which are shared with the Pontic-Ala AE (one cell supported by all indices, one cell by two indices and one by only one index). Of the remaining five CEs, two cells are supported by all indices; two cells by two indices and one cell by only one index ( Figure 2D) .
The Pontic-Ala AE contains 13 sets, comprises 17 grid cells and covers the Pontic Mountains in northeastern Turkey ( Figure 3C) . The endemicity scores of the area range from 6.58 to 13.69. The area is supported by 53 taxa contributing to the score. Four cells are identified as CEs inside of this AE, three of which are shared with the Anatolian Diagonal AE. One non-shared cell with previous area is supported by two indices (Figure 2D) .
The Hakkari AE contains a single set, comprising four grid cells and covering mountains of the Hakkari highland in southeastern Turkey (Figure 3D) . The endemicity scores of the area range from 8.50 to 8.75. The area is supported by 12 taxa contributing to the scores, but does not include any CE.
Both ER and RER were positively related to topographic complexity and especially to elevational amplitude ( Figure 5 ; Table 1 ). Proportional surface area and endemic richness in elevational range were not congruently distributed (Figure 6 ). Both were hump-shaped, but the surface area peaked sharply at 1,000 m a.s.l., whereas endemic richness gradually increased until 1,700 m a.s.l, and then sharply decreased parallel with surface area.
DISCUSSION
Using quantitative methods, 14 CEs as well as four AEs are identified in Turkey based on data of three species-rich families of vascular plants. These hotspots are well associated with the high mountain ranges of the region. All CEs, except one, are inside the identified AEs, and all AEs are located within global biodiversity hotspots, representing "hotspots-within-hotspots" (Figures 2, 3) . The single CE not covered by any AE includes an isolated mountain range in northwestern Turkey (Uludaǧ, 2,543 m a.s.l.). This mountain is already known as an area with high conservation priority due to its rich plant species and endemic diversity (see Figure 4 ; Ekim et al., 2000; Daşkin and Kaynak, 2010; Senkul and Kaya, 2017) .
The West-Taurus AE is mainly associated with the Mediterranean biodiversity hotspot and has the highest endemicity score among all identified AEs (Figure 3) . The richest area in Turkey according to ER (129 species) and RER (61 species) is inside this AE (Figures 2A,B) . The West-Taurus AE includes complex mountain systems exceeding 3,000 m a.s.l., such as Bey Daǧlari. High elevational amplitude and climatic diversity result in high habitat heterogeneity, ranging from sea level lowlands up to alpine habitats, and thus supports high plant diversity and endemism. The Western Taurus has been recognized before as a center of plant diversity (Davis, 1971; Ekim et al., 2000; Eren et al., 2004) .
The Anatolian Diagonal AE is the biggest AE identified in this study with a high number of CEs (ten cells). It covers the Mediterranean hotspot in southern Turkey and parts of the Irano-Anatolian hotspot from Inner Anatolia to the Pontic Mts. in northeastern Turkey ( Figure 3B) . This AE supports a previously identified distribution pattern named "Anatolian Diagonal" by Davis (1971) , constituting a remarkable floristic break through the middle of Inner Anatolia, which stretches from the Taurus mountains in southern Turkey to northeast Turkey (Davis, 1971; Ekim and Güner, 1986) . This diagonal system is considered the migration corridor to the south for Euro-Siberian species during glacial phases of the Pleistocene (Davis, 1971; Ansell et al., 2011) . Three CEs, supported by all three indices, cover the central Taurus and show the highest conservation priority of these mountains. The Taurus mountains are extremely rich in their flora, endemics and vegetation types due to the remarkable bioclimatic, geomorphological, and pedological diversity (Parolly, 2004 (Parolly, , 2015 . Although Taurus is mainly within FIGURE 2 | Centers of endemism in the study area identified by (A) endemic richness, (B) range-restricted endemic richness, (C) weighted endemic richness, and (D) their intersection (1: supported by one index, 2: supported by two indices, 3: supported by three indices). In (A-C) the two highest categories correspond to the 5 and 10% richest cells.
the Mediterranean region, elements of the alpine zone belong to the Irano-Turanian floristic region (Runemark, 1971) . Another CE, identified in the northeast of this AE (Figure 2) , covers high mountains of Munzur Daǧlari. This CE is partly covered by the Munzur Valley National Park, which is the largest national park in Turkey. The Pontic-Ala AE reaches from the Irano-Anatolian hotspot to the Caucasian hotspot. The endemicity score is high in Munzur, Ala and Pontic mountains. The area contains heterogeneous topography and climate and is connected to highlands of the Transcaucasus region. This area includes Munzur Daǧlari, where it overlaps with the Anatolian Diagonal AE. As already noted by Zohary (1973) and Davis (1971) , northeastern Turkey as part of the Caucasian region is much richer in endemics compared to the remaining Euro-Siberian part of Turkey. This area (Colchic region) served as a refugium in the Euro-Siberian floristic region during the Pleistocene glacial periods, similar to the Hyrcanian forests at the northern slopes of Alborz (Rokas et al., 2003; Dubey et al., 2006) , what might be one of the major reasons for the high diversity in endemics.
Hakkari AE is close to the border of Iran and Iraq and within the Irano-Anatolian hotspot. The endemicity score is low and no CE was identified. The high mountains of this region are floristically well-connected to the Zagros Mts. and the Azerbaijan Plateau in northwestern Iran (Akhani, 2007; Noroozi et al., 2014) , and the floristic affinity with mountains of neighboring countries is stronger than in other parts of Anatolia (Vanderplank et al., 2014) . Therefore, many of the narrowly distributed species reach beyond the border of Turkey and thus were not included in our analysis. In spite of this, a cell with only 2/3 of its area within the study region has 28 range-restricted taxa (Figure 2B) , which is just one species short of the threshold for the 10% richest cells (i.e., 29 taxa per cell). The situation may be exacerbated as the sampling density of the region is lower than in other regions of Turkey. Still, the area was recognized before as one of the important areas of Turkey for plant diversity (Davis, 1971; Ekim et al., 2000; Ünal and Behçet, 2007; Senkul and Kaya, 2017) .
Both the Anatolian Diagonal and Pontic-Ala AEs intersect two biogeographical regions and two biodiversity hotspots. In these areas, alpine habitats are playing an important role and alpine species constitute a large proportion of their flora (Zohary, 1971; Hein et al., 1998; Kürschner et al., 1998; Parolly, 2015) , and these species act as bridges connecting different biogeographical regions to each other.
Our study largely supports centers of plant diversity in Turkey already recognized by previous authors. For example Mill (1994) ranks the entire Taurus, Anatolian Diagonal and eastern Pontus among the most important centers of plant diversity in SW Asia. Moreover, the important areas for endemic plants of Turkey (Ekim et al., 2000) and plant endemic hotspots of Turkey (Türe and Böcük, 2010; Senkul and Kaya, 2017) are largely congruent with our results (Figure 4) . However, there are some hotspots in previous studies which our results do not support. These areas are in north Turkey (Figures 4A,C) , but none of our used indices support them as 10%-richest areas of Turkey. This can be due to methodological differences, including using different thresholds to identify hotspots (Figure 4A) , big grid sizes (Figure 4B) , or using the number of recorded localities of endemics instead of the number of endemics ( Figure 4C) .
Topographic heterogeneity is one of the key environmental predictors of species richness (Qi and Yang, 1999; Irl et al., 2015) and, in extension, of endemic species richness. With increasing topographic heterogeneity environmental heterogeneity is expected to increase (Scherrer and Körner, 2010; Irl et al., 2015) , resulting in high habitat diversity and a large local niche space (Scherrer and Körner, 2011; Hortal et al., 2013) . High habitat diversity promotes ecological speciation (Steinbauer et al., 2013) and can increase the diversity of local refugia for species to survive Quaternary climate fluctuations (Ashcroft et al., 2012) , jointly contributing to increasing richness of endemics in topographically complex mountain ranges.
The endemic taxa of the Anatolian Plateau are concentrated at mid-elevations, a general trend of mountain biota first proposed by Rahbek (1997) also found in the eastern part of the Irano-Anatolian region (Mahdavi et al., 2013; Noroozi et al., 2018) . The sharp decrease of endemic richness above 1,700 m a.s.l. may be due to the decrease of surface area and the environmental stress imposed by cold habitats. Although endemic richness decreases beyond a certain elevation, the proportion of endemics is expected to increase along the elevational gradient (Noroozi et al., 2011 (Noroozi et al., , 2018 , something we cannot test yet for Turkey in the absence of sufficiently detailed information on the overall floristic composition across elevations.
Although the three plant families investigated by us encompass a significant proportion of Turkey's plant diversity (ca. 30% of endemics) and jointly occur in all environments and across all elevational zones, using only a subset of the vascular plant flora may introduce a bias, as generally poorly studied regions will be insufficiently represented likely increasing inequalities in geographic coverage due to geographically differing collecting intensities. Including more data, ideally from the entire endemic flora, as well as floristic field research will be necessary to remedy this. Endemic species have been shown to be a reliable substitute for overall biodiversity (Domínguez et al., 2006; Lamoreux et al., 2006) , but including only endemic species is expected to introduce an edge effect, especially if the used boundaries are biogeographically rather meaningless (as certainly is the case in southeastern Turkey). This can be alleviated by using the entire instead of only the endemic flora (Edler et al., 2017) , which currently for Turkey is not possible because of the prohibitively big efforts necessary to obtain sufficient georeferenced data.
CONCLUSION
Mountains are biodiversity hotspots (Spehn et al., 2011) and influence the distribution and diversification of species over time (Hoorn et al., 2018) . Mountains with high topographic complexity, isolation and diverse micro-climates support high biodiversity and endemism (Irl et al., 2015; Steinbauer et al., 2016) , which is also the case for the mountains of SW Asia (Vanderplank et al., 2014; Noroozi et al., 2018) . High mountains of Anatolia have played an important role in definition of biogeographical subregions (Çiplak, 2003, 2004) , and the transitional biogeographical position of Anatolia likely supports high speciation (Davis, 1971; Parolly, 2004; Parolly et al., 2010) . Glacier development within Anatolia during the Pleistocene was limited to higher mountains (Atalay, 1996) , while the lowlands harbored steppe communities FIGURE 6 | Proportion of total surface area and endemic richness along the elevational gradient. (Michaux et al., 2004; Magyari et al., 2008) . Therefore, lowlands and lower montane zones are considered suitable habitats for temperate species to survive the last glacial maximum (Rokas et al., 2003; Dubey et al., 2006 Dubey et al., , 2007 Fritz et al., 2009; Ahmadzadeh et al., 2013) . Our identified CEs cover 16% of Turkey's surface area but harbor 59% of this country's endemic taxa highlighting their conservation priority. In the high mountains of Anatolia, the rate of endemism increases sharply along an elevational gradient (Hein et al., 1998; Kürschner et al., 1998; Parolly, 1998 Parolly, , 2004 Parolly, , 2015 as is the case in the high mountains of the Iranian Plateau (Noroozi et al., 2011 (Noroozi et al., , 2018 , making the high elevation habitats of these mountains extremely important in terms of biodiversity conservation. Mountain species, especially cold adapted ones in the alpine zone, are considered to be among the most strongly affected by global climate change (Engler et al., 2011; Dullinger et al., 2012) . A decline of high-altitude habitats through climate warming and reduced water availability in this region likely is expected to threaten the survival of the unique cryophilic high mountain flora of Anatolia (Parolly, 2015) . On the other hand, most of the high mountains in Turkey are threatened by severe overgrazing (Kürschner and Parolly, 2012) and other human activities such as construction of touristic infrastructure (Daşkin and Kaynak, 2010) . The majority of the endemic species of Turkey are narrowly distributed and threatened (Türe and Böcük, 2010) . Only a small fraction of these species is distributed in protected areas indicating a strong conservation gap (Amarli et al, 2016) . Thus, focusing on the conservation of the identified hotspots, ideally refined by using data from the entire flora and relevant animal groups, and applying dedicated software such as Marxan (Ball et al., 2009; Mendoza-Fernández et al., 2015) will assist to protect a high number of threatened narrowly distributed taxa.
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